INTRODUCTION
Knee arthroplasty has been indicated with growing frequency, especially over the last decade. Its success depends on various factors, such as component design, the quality of the material used to make the component, the manufacturing process, adequate patient selection and the surgical technique. Most of these are developed by the surgical material and implant industry, and the evolution of the industry has enabled great advances in the quality of the prostheses available. On the other hand, with regard to surgical technique, surgeons are the primary factor and evolution of concepts and surgical strategy are the main factors for advances. The industry has contributed towards development of surgical instruments and tools that have the aim of assisting in and improving the accomplishment of operations by surgeons. Within this field, the most significant advance over the past decade has been the emergence of navigation systems for knee arthroplasty.
Computer Assisted Orthopedic Surgery (CAOS)
ABSTRACT
Navigation was the most significant advance in instrumentation for total knee arthroplasty over the last decade. It provides surgeons with a precision tool for carrying out surgery, with the possibility of intraoperative simulation and objective control over various anatomical and surgical parameters and refe rences. Since the first systems, which were basically used to control the alignment of bone cutting referenced to the mechanical axis of the lower limb, many other surgical steps have been incorporated, such as component rotation, ligament balancing and arranging the symmetry of flexion and extension spaces, among others. Its efficacy as a precision tool with an effective capacity for promoting better alignment of the lower-limb axis has been widely proven in the literature, but the real value of optimized alignment and the impact of navigation on clinical results and the longevity of arthroplasty have yet to be established.
Keywords -Knee; Arthroplasty; Navigation; ComputerAssis ted Surgery is a field of technological evolution that has been developing particularly over the last 10 years, and a variety of surgical applications have emerged over this period. These include workstations for preoperative planning and simulation and robotics for use in carrying out surgical procedures, and among these, navigation systems. The basic precepts of knee arthroplasty include reestablishment of the alignment of the lower limb and maintenance or recovery of joint stability. Navigation systems provide guidance and they measure various intraoperative parameters that help surgeons to reach these objectives.
NAVIGATION SYSTEMS
Navigation systems take the special positions of patients' anatomical reference points and surgical instruments are transferred to a computer and processed using software that is capable of providing surgeons with information relating to various steps of the operation in a visual or graphical and numerical form, the- reby giving surgeons a greater degree of control and precision in carrying out the procedure. One example in arthroplasty is in relation to the positioning of a cutting guide, in which the navigation system provides the surgeon with information on the special orientation of the resultant cut (varus/valgus, antecurvatum/recurvatum), with great precision (Figure 1 ), thus allowing the necessary adjustments to be made, in order to obtain a position that the surgeon considers ideal. Hence, these are systems that are capable of helping surgeons to carry out various stages of the operation with greater precision and safety, and also for enabling decision--making and adjustments to the surgical plan according to the data obtained during the operation through the navigation system. These systems may be based on images acquired preoperatively or intraoperatively, or may be independent of images. In image-based systems, the software works with images acquired previously using CT or MRI, or intraoperatively using fluoroscopy (mostly used for fractures). The images need to be coupled with the patient's real spatial position on the surgical table. For this, it is necessary to furnish the system with one or more real anatomical reference points. From this, the system can then discern the surgical field and the parameters programmed by the system. In image-free navigation, the system is fed only with anatomical reference points acquired during the surgical procedure, in which some regions and reference points are digitized (Figure 2 ). The method most used for transmitting information to the system uses infrared signals. These systems may be active or passive, according to the infrared generation method (IV). In both configurations, navigations systems are composed of a computer with the specific software and an optical tracking camera (Figure 2 ). The surgical guides have adaptations to receive rigid bodies containing infrared transmitting diodes in active systems, or reflective spheres in passive systems. The latter also require an external infrared source coupled to the optical tracking camera. There are also transmitters coupled to the patient, which are held on the bone using threaded pins. A pointer/palpator with which the various anatomical references are transmitted to the navigation system is also needed (Figure 3 ). Infrared navigation requires direct viewing, without interference between the optical tracking camera and the transmitters. Thus, the surgical team should be positioned such that they do not obstruct the signal. One alternative that is being studied is electromagnetic navigation, which does not suffer from "visual" interference, but requires special instruments and materials that do not generate electromagnetic fields, thereby raising the cost of the system.
The first navigation systems for total knee arthroplasty aimed to control the alignment and thickness of the proximal tibial and distal femoral bone cuts, so as to obtain correct limb alignment. Today, several other parameters have been incorporated by different systems, such as the size and rotational alignment of the components, the ligament balance, equalization of the flexion and extension spaces, and alignment of the extensor apparatus (1) (2) (3) (4) (5) (6) (7) . Another interesting development is the possibility of conducting intraoperative planning and simulation (1, 4, 8) . In this, after carrying out a stage such as making a tibial cut, for example, a variety of size options for the polyethylene and the femoral component can be simulated, and likewise for the femoral cut. The thickness, varus and valgus tilt, flexion and extension, and rotation in relation to various parameters such as the epicondylar axis or posterior alignment of the femoral condyles can be varied, and the effect of the options and changes can be seen in relation to the limb alignment, ligament tension and balance between the flexion and extension spaces (Figure 4) .
The navigation system used for total knee arthroplasty is therefore a precision instrument for carrying out the operation, and it also has the potential for aiding the surgeon making intraoperative decisions, through the resource of simulating actions before implementing them. It has also been shown to be a good teaching tool, given that the effect of each action performed during the operation can be seen immediately. This does not mean that the navigator does away with the need for the surgeon's skills or diminishes the value of his experience, since the navigator does not point out the path to follow or make the surgeon's decisions for him, but only helps him to obtain and measure the result planned for each action. Thus, on the contrary, the navigator adds power to the surgeon's knowledge and experience through providing him with precise and objective parameters in real time during the operation.
Conditions that impose difficulty in using conventional anatomical reference points for positioning cutting guides, such as the presence of synthesis material obstructing the access to the medullary canal, and/or conditions that imply that the ligament balance is more complex, such as in cases of major deformity inside or outside the joint (Figure 5 ), or in patients with previous surgery such as osteotomy, make the use of the navigator more significant. Under such conditions, the discernment capacity of the navigator remains unaffected, and the system continues to supply precise parameters to the surgeon (9) (10) (11) . Likewise, another situation in which navigation has great potential for application is in minimally invasive arthroplasty, in which the reduced direct viewing of the surgical field can be compensated by the virtual reference provided by the navigator (9) (10) (11) (12) (13) (14) . Documentation is another resource offered by the navigation system. It registers a variety of data acquired during the operation, thus creating a file containing the patient's pre and postoperative conditions, along with data relating to the different steps within the operation, with the orientation of each bone cut ( Figure 6 ). Through this, it is possible to generate reports and construct databases for clinical and scientific documentation.
Complications and disadvantages relating to the use of navigation systems have also been described. Feeding the system through palpation of the anatomical reference points and carrying out dynamic maneuvers is time-consuming. Even though some authors, such as Stiehl et al (15) , have demonstrated the possibility of reducing the duration of the operation, most authors have reported that the duration of the operation increases by around 10 to 15 minutes. There have also been some reports of cases of fracture at the pin fixation sites in the tibia and femur (16) (17) (18) (19) . However, these are isolated reports, and there is no evidence that the incidence of periprosthetic fractures is greater than in non-navigated arthroplasty.
The impact of using navigators for total knee arthroplasty has yet to be proven. Although there are many studies in the literature with good levels of evidence proving that navigation-assisted surgery has greater precision for obtaining the desired alignment for the lower limb (8, (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) , it is still not possible to demonstrate gains in the clinical results or in the longevity of implants, despite some favorable studies (12, 14, 25, 26, (32) (33) (34) (35) (36) (37) (38) (39) (40) . Although there is some controversy, there is evidenced of possible parallel benefits relating to a lower thromboembolism rate (41) (42) (43) and a lower level of bleeding (11, (44) (45) (46) (47) with navigation. The initial experiences from using navigation systems for knee arthroplasty have now reached around 10 years in length, which is still not enough for durability studies. The systems available on the market are not homogenous and have been evolving rapidly and incorporating new parameters. It is difficult to assess the importance of each of these parameters. However, it is perhaps more important to define what is really significant for the success of arthroplasty. Today, the concept of neutral alignment of the lower limb in relation to the mechanical axis predominates as the standard to be attained, but other parameters are controversial and difficult to determine.
For example, what is the ideal rotation of the femoral component, and how should this be determined? Is the ideal the epicondylar axis, the Whiteside line or the plane of the tibial cut? Is there an overall formula, the same for all patients, or should there be a personalized solution for each case? It is certain that navigation systems cannot answer all these questions, but they may help in finding the answers through intraoperative measurements on a variety of parameters, thereby enabling greater objectivity in studying the different options that are faced in arthroplasty. Perhaps one of the most positive aspects of the advent of navigation in arthroplasty has been that these very basic issues have been brought into the discussion. These issues had perhaps remained in the background because of the great attention given to the evolution of implants and materials.
FINAL REMARKS
Within our setting, the use of navigation systems for total knee arthroplasty is an accessible option in many regions of Brazil. Although their use is still limited, it has been increasing. These systems should be regarded as a tool that is at surgeons' disposal, which adds power to their knowledge, and never as an intelligent or autonomous system that might compensate for possible deficiencies or limited experience among surgeons. As with all new technologies, there are difficulties relating to availability, costs and resistance from payment sources. There is even resistance among surgeons, who view the systems with caution, mistrust or even disbelief. Time, results, evolution of navigation systems and cost reductions, among other factors, will determine in the future what role and space will be reserved for navigation systems for knee arthroplasty, just as for other applications.
